The impact of short-term exposure to waterborne chlorpyrifos-ethyl and lambda-cyhalothrin on Clarias gariepinus was evaluated through changes of selected biochemical parameters. Fish was exposed to 0.64 mg/l, 0.80 mg/l, 0.96 mg/l, 1.12 mg/l, 1.28 mg/l of chlorpyrifos-ethyl, and 0.008mg/l, 0.009mg/l, 0.010mg/l, 0.011mg/l, 0.012mg/l of lambda-cyhalothrin and control for 96hrs. The 96-h LC 50 value for C. gariepinus was estimated as 0.92mg/l and 0.008mg/l for chlorpyrifos-ethyl and lambdacyhalothrin respectively. The parameters measured were serum glucose, protein, cholesterol, triglyceride, glutamic pyruvic acid transaminase (GPT), glutamic oxaloacetic acid transaminase (GOT) and alkaline phosphatase (ALP).There was significant (P<0.05) alterations between the control values and the exposed groups on all parameters. Chlorpyrifos-ethyl was more toxic to the fish than lambda-cyhalothrin.
INTRODUCTION
In the recent times in Africa, as a result of high population growth, accompanied by an intensive urbanization, an increase in industrial activities and a higher exploitation of cultivable land, there has been steady increase in the quantity and diversity of discharges that reach aquatic environment (West, 1988) . Aquatic pollution by pesticides results mainly from their widespread use in agriculture and in vector control campaigns. In Nigeria especially in the northern part of the country, there is an upsurge in the application of pesticides in agriculture. A major reason for the increased use of pesticide in the north is the development of dry-season irrigated farming (Mbagwu and Ita, 1994) . These poisons are washed into water bodies through surface run-off during the rainy seasons.
The application of pyrethroids as insecticides and antiparasitary preparations has very markedly increased. Thus pyrethroids are successively replacing organophosphate pesticides. The main advantages of pyrethroids are their photo-stability, high effectiveness in low concentrations, easy disintegration and low toxicity to birds and mammals (Maud et al, 1998) . Fish are extremely susceptible to these substances. The 96-hLC 50 value, determined in laboratory tests generally lies below 10µg/L (Bradbury and Coast, 1989) . In fish cultures, pyrethroids are applied to control some parasitic diseases caused by e.g. Lepeophtherius salmonis in farm cultures of salmonids (Toovey and Lydon, 2000) . Direct and indirect contamination of aquatic environment by pesticides may cause fish kills, reduce fish productivity and elevate concentrations of undesirable chemicals in edible fish tissues. Pesticides can enter fish through their skin and gills during respiration and orally when feeding and due to the lipophilicity of pyrethroids, they have a high rate of gill absorption, which in turn would be a contributing factor in the sensitivity of fish to aqueous pyrethroid exposures (Rukiye et al., 2003) . The mode of action of chlorpyrifos and their metabolites is inhibition of enzyme acetyl cholinesterase (AchE), and the inhibition of AchE activity caused by chlorpyrifos is more persistent than that caused by other organophosphates and it is believed that this is because chlorpyrifos is lipophilic (Chamber and Carr, 1993 ).
Africa's inland fisheries play a critical role in supporting the livelihoods and food security of millions of people across the continent. It generates employment and income for households and provides a major source of animal protein and essential micronutrient. Yet catches from most inland fisheries have reached their maximum capacity and many of them are considered to be over fished. Nigeria has abundant freshwater resources, with fish constituting about 40% of animal protein intake (Olatunde, 1989; Ita, 1993) . Inland fisheries sub-sector contributes 86% of the domestic fish production, and about 0.3million Nigerians engage in artisanal fish production. This means that any short fall in fish availability will reduce employment and animal protein intake of Nigerians especially those in the low income bracket. Aquaculture production has increased from 100 000 tonnes in 1994 to 520 000 tonnes in 2003. The largest share of the output continues to be generated by Egypt (86 percent), followed by Nigeria (6 percent) and Madagascar (2 percent). Average yields in most countries remain low, commercial operators have yet to develop in many areas, and producers are few in number, with very little organization or capacity (Ye, 1999) .
It should also be noted with some concern that some of the chemicals, e.g Organochlorines and organophosphates, which because of environmental considerations have been banned in some developed countries, are still being heavily used in Africa, and particularly in Nigeria. Multinational Corporations continue to market banned products in developing countries, making, profit their only motive (Pickering and Owen; Environmental laws and its managements have been weak especially in developing countries and have not stemmed the ever ragging pollution tide worldwide and more disturbing is the fact that less developed countries have even greater problems since government legislation and implementation is often crude due to poor resources (Pickering and Owen, 1994) . Heckman (1982) , reported that there is a death of information in the tropics about the adverse effects arising from the use of agricultural chemicals and that ecological relationships and productivity in tropical water bodies are often quite unlike those normally observed in the temperate zones.
Cells contain enzymes that are necessary to their function. When the integrity of a cell is disrupted, enzymes escape into plasma/serum, where their activity can be measured as a useful index of cell integrity (Coppo et al., 2002) . Modifications in enzyme activity occur by cell death, O. E. Ogueji, Department of Biology, Federal College of Education Katsina, P.M.B 2041, Katsina State, Nigeria increase or decrease enzyme production, obstruction of normal excretory route, increased cell membrane permeability, or impair circulation (Kaneko, 1989) . Biochemical characteristics of blood are among the important indices of the status of internal environment of the fish organism (Edsall, 1999) . Glutamate oxaloacetate (GOT) and glutamate pyruvate (GPT) transaminases are enzymes frequently used in the diagnosis of damage caused by pollutants in various tissues, such as liver, muscle and gills (de la Torre et al., 1999) . Also alterations in the metabolism of protein and carbohydrate are used for similar purpose. Liver is the metabolic centre for detoxification of chemicals. Liver damage was confirmed by changes in the activities of glutamate-oxaloacetate transaminase (GOT) and glutamate -pyruvate transaminase (GPT) activities (Asztalos and Nemesok, 1985) .
The objectives of this work include (1) Determine the relative toxicity of chlorpyrifos-ethyl and lambda-cyhalothrin to Clarias gariepinus. (2) Determine the relative sensitivity of Clarias gariepinus to chlorpyrifos-ethyl and lambda-cyhalothrin insecticides using biochemical parameters.
MATERIALS AND METHODS
Juveniles of Clarias gariepinus were purchased from Maigana fish farm in Zaria, Kaduna State Nigeria. The Clarias species averaging 14.33±0.50cm standard length and body weight of 20.38±1.25g were used for the study. The fish were conveyed to fisheries laboratory in a portable well-aerated white polythene bag containing water from the fish farm. They were held in large water baths of 160L capacity at 24.5-25.5 0 C and acclimatized for two weeks in dechlorinated municipal water. During this period, the fishes were fed with pelleted diet containing 35% crude protein twice per day at 5% body weight. Also, the water in the glass aquaria was changed once every two days. The fishes were accepted as well as adapted to laboratory conditions when less than 5% death was recorded for the 14 days period and feeding was discontinued 24 hours before the start of the experimental run (Reish and Oshida, 1987) .
ACUTE BIOASSAY
Acute 96-h static bioassays were conducted in the laboratory for the two chemicals following the methods of Sprague (1975) and APHA (1992) . The nominal concentration for chlorpyrifos-ethyl was 0.64 mg/L, 0.80 mg/L, 0.96 mg/L, 0.12 mg/L, 0.28 mg/L and the nominal concentration for lambda-cyhalothrin was 0.008 mg/l, 0.009 mg/l, 0.010 mg/l, 0.011 mg/l, and 0.012 mg/l. The control had no toxicant. Each concentration was replicated three times. The desired chlorpyrifos and lambda-cyhalothrin concentrations were measured and introduced into 25L of dechlorinated tap water in the glass aquaria. The mixture was allowed to stand for 30 minutes before introducing test fishes. A total of 180 fish were stocked to give a loading rate of 10 fish per tank. Survival and mortality were recorded from 1to 6, 8, 16, 24, 72 and 96 hours. Fishes were considered dead when the opercular movement ceased and there was no response to gentle probing.
BIOCHEMICAL MEASUREMENTS
At the end of 96hrs exposure, the caudal peduncle of surviving fish was cut, blood was collected in non-heparinized tubes. The blood was immediately centrifuged at 1500 rpm for 10min. Serum was then removed and stored at 4 0 C prior to immediate determination of biochemical parameters, glucose, cholesterol, triglycerides, total protein, glutamic pyruvic acid trasaminase (GPT), glutamic oxaloacetic acid trasaminase (GOT) and alkaline phosphatase (ALP). Blood glucose was estimated using the method of Trinder (1969) . Blood cholesterol was measured according to the procedure of Pearson et al (1953) . Blood triglyceride was determined using the method of Rice (1970) . The method of Lowry et al (1951) was carried out to determine the value of total protein. The activities of blood GPT and GOT were estimated according to the methods of Reitman and Frankel (1957) . To determine the activity of blood ALP, Bassey et al (1946) method was used.
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Graph of probit kill against log concentration was used to determine the 96-h LC 50. For the various biochemical parameters, the GenStat statistical analysis software (2006) was used to run analysis of variance (ANOVA) and Duncan multiple range test (DMRT) was used to test for differences between different levels of treatment and to separate means respectively, where applicable (Duncan, 1955) . Test of significance was at the 5% level of significance.
RESULTS
Acute toxicity of the chemicals on C.gariepinus was carried out by static bioassay method, and the result revealed that the insecticides were highly toxic to C. gariepinus with 96-h LC 50 value of 0.92mg/L ( 
Biochemical Parameters due to Acute Exposure of C.gariepinus to Chlorpyrifos-Ethyl
Results of biochemical parameters of C. garipienus due to exposure of the fish to acute concentrations of chlorpyrifos-ethyl are presented in Fig. 3 . For the exposed fish, significant (P<0.05) dose dependent increases were observed in the blood glucose and protein levels. These parameters increased with increasing concentrations of exposure of the fish to the toxicant (Fig. 3) . Dose dependent increase was also observed with GPT, increases in the parameter occurring with increasing concentrations of exposure, up to the 1.12mg/L concentration where GPT level was a maximum. Beyond this concentration, however, GPT level dropped significantly (P<0.05). A similar trend was observed with the blood cholesterol, with maximum cholesterol level obtained with the 0.96mg/L concentration, beyond which significant (P<0.05) decreases in blood cholesterol were observed (Fig. 3) . GOT levels increased while ALP levels decreased significantly (P<0.05) with increasing concentrations of chlorpyrifos-ethyl. Levels of triglycerides in the blood of the exposed fish rose with increasing concentrations of exposure in the 0.8-1.28mg/L range. These values were lower than those of the control specimen. However, fish exposed to the 0.64 mg/L dose of chlorpyrifos-ethyl had significantly higher triglyceride levels than these, and than the control specimen.
Biochemical Parameters due Acute Exposure of Fish to Lambda-Cyhalothrin
Results of biochemical parameters of C. garipienus due to exposure of the fish to acute concentrations of lambdacyhalothrin are presented in Fig. 4 . Significant (P<0.05) dose dependent increases in glucose, cholesterol and triglyceride levels in the serum of the exposed fish were observed. The values of these parameters for the exposed fish were also significantly higher than those of the control specimen (Fig. 4) . In contrast, there was a significant (p<0.05) dose dependent decrease in GOT, GPT, ALP and protein in the exposed fish. The levels of these parameters decreased with increasing concentrations of lambda-cyhalothrin. GOT, GPT, ALP and protein levels recorded for the exposed fish were lower than those recorded for the control specimen. The 96-h LC 50 value of 0.92mg/L (Fig. 1 ) for chlorpyrifos-ethyl and 0.008 mg/L (Fig. 2 ) for lambdacyhalothrin shows that both chemicals are highly toxic to the fish. The lower 96-h LC 50 value obtained for lambdacyhalothrin implies that it takes less acute concentration of the chemical to elicit toxic effect in the fish. These results were consistent with the findings of several other workers. Muller et al. (1978) reported static 48-h LC 50 of 0.005, 0.006 and 0.097 mg/L for adult desert pupfish (Cyprinodon macularius), rainbow trout (Oncorhynchus mykiss) and western mosquito fish (Gambusia affinis) respectively. The significant (p<0.05) increase in glucose (hyperglycaemia) which was dose and duration dependent in the acute exposure to both chemicals may be considered to be manifestation of stress induced by the toxicants. The toxicants and their metabolites may have stimulated the adrenal tissue, resulting in increased level of circulating catecholaminies and glucocorticoids. These in turn stimulated the release of amino acids, glycerol and fatty acids, present in the blood and increased the synthesis of enzymes in the liver, which converted amino acids and glycerol into glucose (Gluconeogenesis). This was necessary to compensate for the high energy requirement needed for detoxification of the chemicals and fish survival in the toxic environment. This finding is in agreement with that of Hontela, et al, (1996) , Luskova et al. (2002) and Atef (2005) .
With the liver being the key organ in the synthesis and excretion of cholesterol, any type of obstruction in the liver either intra or extra hepatic, will cause an increase in total cholesterol levels on the serum. ANOVA result revealed that chlorpyrifos-ethyl elicited significant (p<0.05) increase in the cholesterol values in the exposed group against control except in the highest nominal acute concentration. These results could possibly be correlated to the higher energy demands and impairments in the membrane organization induced by the toxicant in order to get the positive survival value under the imposed toxicant stress at the lower concentrations. However, in the highest nominal concentration, there may have been massive necrosis and probably cirrhosis of the liver which led to the inability of the liver to further synthesize cholesterol. The significant inhibition of cholesterol in the highest nominal concentration of chlorpyrifos-ethyl compared to elevation observed in similar concentrations of lambda-cyhalothrin implies that chlorpyrifos-ethyl elicited a more hazardous systemic/physiological impairment than lambda-cyhalothrin. Krishna et al (1994) also reported increased levels of phospholipids and cholesterol contents in the tissues of Tilapia mossambica subjected to acclimation in sub-lethal acidic water (pH 4.0).
The significant inhibition of protein in the lower nominal concentrations of chlorpyrifos-ethyl may be due to protein deamination to give keto acids which are metabolized to produce caloric energy and also transformed into carbohydrates and lipids to compensate for the high energy requirement needed for survival in the toxic environment or high rate of protein degradation or impaired incorporation of amino acids into polypeptide chains. The observed significant (p<0.05) hyperproteinamia in the highest acute concentration may possibly be due to water loss in the serum. Since there was dose dependent increase in total protein within the exposed group, the toxicant in the highest nominal concentrations may have induced liver necrosis, which led to impairment in the protein metabolism, resulting in the observed significant elevations in its concentrations. In the exposed group to lambda-cyhalothrin, the decrease in protein was dose-dependent from the lowest acute concentration (0.008mg/L) to the highest (0.012mg/L).This comparative toxicological difference especially at the highest acute concentrations of both chemicals showed that the degree of necrosis and or apoptosis elicited by chlorpyrifos-ethyl was more than that of lambda-cyhalothrin. Although study on protein deamination was not carried out, some authors have observed and reported elevations and inhibitions of protein levels. Sahib et al (1984) observed that the protein content in all tissues of malathion exposed Tilapia mossambica is slightly higher. Bradbury et al (1987) , pointed out that the decreased protein content might also be attributed to the destruction or necrosis of cells and consequent impairment in protein synthesis machinery. Gill et al (1991) found an increase in liver proteins following Endosulphan intoxication and noted that protein levels in the liver of Barbus conchonious could be due to increased protein turnover. They also concluded that 
compensatory production of enzymes lost as a result of tissue necrosis or to meet increased demand to detoxify the pesticides might have necessitated enhanced synthesis of enzyme proteins (Gill et al, 1991) . Several drugs have been known to decrease serum protein levels in humans, e.g Rifampin (Rifamylin) reduces serum protein by impairing protein synthesis; Trimethadione decreases protein levels by urinary loss and long-term use of laxatives results in fecal malabsorption and thus decreases serum protein levels (Gregor and John, 1995) . The principal function of triglycerides in biochemical systems is the storage of energy. If more energy-rich nutrients are consumed than are required for metabolic processes, much of the excess is converted to neutral glycerides and stored as triglycerides in fat cells of adipose tissue. When energy is needed, the triglycerides are metabolized by the body, and energy is released (Katherine et al., 2004) . Elevation observed in chlorpyrifos-ethyl exposed fish especially in the lower acute concentration, may be due to impairments in the cell membrane organization and higher energy demands of C. gariepinus to get the positive survival value under the imposed acute toxicant stress leading to increased synthesis. The inhibitions in the exposed groups (0.80mg/L-1.12mg/L) may be associated with increased metabolism, due to higher demand for energy as concentration of toxicant increases. In the highest acute concentration of 1.28mg/L, triglyceride approached control values. This was due to induced liver necrosis or apoptosis which may have affected the ability of the liver to synthesize triglyceride and or slowed metabolism of triglyceride, since liver is the principal center of lipid metabolism. The behaviour of triglyceride in lambda-cyhalothrin exposed fish, showed similar pattern, except that there was a significant dose-dependent increase in the values of triglyceride from 0.010mg/L to the highest acute concentration of 0.012mg/L. This implies that the degree of necrosis and or apoptosis in the highest acute concentration of lambda-cyhalothrin exposed fish was less compared to chlorpyrifos-ethyl exposed fish. Triglyceride accumulation occurs in fatty liver due to effect of toxicants. The accumulation occurs as a result of an imbalance between the rate of synthesis and the rate of release of triglyceride by the parenchymal cells into the systemic circulation (Gabriel, 1986) . Izaguirre et al. (2000) observed cypermethrin-induced apoptosis (a programmed cell death) in the telencephalon of Physalaaemus biligonigerus tadpoles, and opined that it was mediated by reactive oxygen species (ROS) and lipid hydroperoxide radicals.
There was also significant (p<0.05) inhibition in ALP as acute concentration increased, suggesting that more energy was needed at higher nominal concentrations to achieve the positive survival value. ALP is mainly localized at the cell membrane. Any damage in hepatic cells may result in alteration in ALP activity. The dose-dependent inhibitions observed in this investigation of the two chemicals may also be due to liver dysfunction. This observation is in agreement with the report of many other authors. Sastry and Sharma (1980) reported ALP inhibition after 96h exposure to diazinon.
The observed significant (p<0.001) elevation of GOT and GPT at the higher nominal concentrations of the toxicant, showed firstly that there was a faster metabolic activity induced by the toxicant in the exposed group at the higher concentrations, and this may be attributed to the induction of hepatic microsomal cytochrome P-450 dependent monooxygenase pathway. The increased metabolism of chlorpyrifos-ethyl, led to increased formation of the metabolite chlorpyrifos-oxon, which was several times more toxic to the nervous system of the fish and also inhibits the activity of detoxifying enzymes. And since there was a dose dependent significant (p<0.05) increase in the values of the enzymes in the exposed group, it means that the antioxidant defenses of the fish was progressively weakened as the concentration increased, leading to lipid peroxidation and oxidative stress.
The lipid peroxidation progressively led to decreased membrane fluidity, increasing leakiness of membrane. The significant inhibition (p<0.05) of GPT in the highest concentration of chlorpyrifos-ethyl, and also similar inhibition of GOT and GPT in the highest concentration of lambdacyhalothrin among the exposed group may be due to hepatic impairment in the mobilization of the enzymes, caused by cell death (necrosis or apoptosis or both). Deltamethrin have also been reported to be inhibitory to the monooxygenase system of carp liver (Cyprinus carpio L.) at higher concentrations of 2μg/l. The low concentration of 0.2μg/l resulted in faster metabolism and was evaluated as induction of hepatic microsomal cytochrome P 450-dependent monooxygenase (Deer et al, 1996) .
Recent evidence suggests that waterborne contaminants which generate reactive oxygen species (ROS) may be a significant source of toxicity for aquatic organisms living in polluted environments and may be partially responsible for disruptions in physiological function (Livingstone, 2001 ). In addition, it has been reported that organophosphates are reactive and may cause direct oxidative damage to membranes (Galloway and Randy, 2003) . Khurshid (2003) opined that toxic effects of cypermethrin on chick embryo at higher doses and no effect at lower doses of the toxicant indicated that cypermethrin was metabolized to its toxic metabolites, which at lower doses can be detoxified by conjugating with glutathione, but at higher doses are unable to be detoxified as the glutathione level in the tissue depletes. Oakes et al. (2004) argued that excessive ROS production in response to xenobiotics inducing compounds can overwhelm endogenous detoxifying mechanisms producing the cumulative damage to cellular constituent's termed oxidative stress. Sadhu et al (1985) have decreased GOT and GPT activities in the serum of Channa striatus following exposure to 0.1ppm malathion for 10days. Similarly, Asztalos et al (1988) have reported elevation in serum GOT activity of Cyprinus carpio which have hepatic cellular damage caused by methidation + paraquat. Conversely, Oruc and Uner (1999) , reported inhibition in seral GPT and GOT enzyme activity following 2 and 30days of exposure to 2, 4-Diamin. GOT and GPT are important in the diagnosis of heart and liver damage (Dere and Polat, 2001 ).
CONCLUSION
Synthetic pyrethroids (lambda-cyhalothrin) and organophosphates (chlorpyrifos-ethyl) are widely used in agriculture in Nigeria. They are increasingly being used in veterinary applications on farm and pet animals, for the protection of stored foodstuffs, for the control of endemics and parasites in public health programmes as well as for household applications in kitchens and bedrooms. Acute exposures of aquatic biota and individuals may result through run-off and adsorption of the insecticides to small dust particles and various other surfaces respectively. The results of this study suggest that acute exposure of C. gariepinus to the two chemicals elicited similar toxic responses in some of the biochemical parameters e.g Glucose and ALP. However, in protein, cholesterol, triglyceride, GOT and GPT, there were differences in comparative toxicity effects of the two chemicals. Chlorpyrifos-ethyl induced more systemic/physiological damage to the fish than lambda-cyhalothrin. Both chemicals led to alterations in carbohydrate and lipid metabolism and possible organ damage. Further studies on histopathology and antioxidant mechanisms of this fish exposed to the pesticides need to be carried out to authenticate the current work.
Water quality criteria for various species of fish have not received adequate attention that it deserves. Degradation in the aquatic habitat through pollution, and decrease in annual production and subsequent harvest of fish, has often passed unnoted (Calamari and Naeve, 1994) . In the light of the above observations, it is recommended that Federal Ministry of Environment, should classify pesticides according to their chemical nature, and researches should be encouraged to generate more information on the acute toxicities and No observed effect concentrations (NOEC's) for our numerous freshwater fish species. Such information will go a long way to helping in the control and use of numerous classes of pesticides that have flooded the Nigerian market.
